Successful empirical therapy of Staphylococcus aureus infections requires the ability to predict methicillin resistance. Our aim was to identify predictors of methicillin resistance in community-onset (CO) invasive S. aureus infections. Sixteen hospitals across Korea participated in this study from May to December 2012. We prospectively included cases of S. aureus infection in which S. aureus was isolated from sterile clinical specimens #72 hours after hospitalization. Clinical and epidemiological data were gathered and compared in methicillin-resistant S. aureus (MRSA) and methicillin-susceptible S. aureus (MSSA) cases. Communityassociated (CA) infections were defined as in previous studies. In total, there were 786 cases of community-onset S. aureus infection, 102 (13.0%) of which were CA-MRSA. In addition to known risk factors, exposure to 3rd generation cephalosporins in the past 6 months [odds ratio (OR), 1.922; 95% confidence interval (CI), 1.176-3.142] and close contact with chronically ill patients in the past month (OR, 2.647; 95% CI, 1.189-5.891) were independent risk factors for MRSA infection. However,
Definitions
Isolation of S. aureus and antibiotic susceptibility testing were performed in the clinical microbiology laboratory of each participating hospital using an automated system. Invasive S. aureus infection was diagnosed when S. aureus was isolated from a normally sterile body fluid, as defined previously [13] . The infection was classified as community-onset (CO) if the S. aureus-positive specimen was obtained within 72 hours of hospitalization. It was classified as communityassociated (CA) if the specimen was not from a site of previous surgery, and none of the established healthcare-associated (HA) risk factors for MRSA acquisition or infection were present [9, 11, 14] . These included: (1) history of hospitalization (excluding birth of normal newborns) or surgery within 1 year of the S. aureus-positive culture; (2) history of residence in a long-term care facility within the past year; (3) history of hemodialysis or peritoneal dialysis within the past year; and (4) presence of a permanent indwelling catheter or percutaneous medical device at the time of culture. The cases that did not fully meet these criteria were classified as CO-HA S. aureus infections.
In each case, the type of S. aureus infection was confirmed clinically by an infectious diseases specialist at each hospital and classified as one of the following: central line-associated bloodstream infection (CLA-BSI), pneumonia, SSTI, surgical site infection (SSI), bone and joint infection (BJI), otitis, endocarditis, intra-abdominal infection (IAI), urinary tract infection (UTI), central nervous system (CNS) infection, vascular infection including arteriovenous fistula (AVF) infection, and bacteremia of unknown primary focus. Cases of pneumonia, SSTI, UTI, and otitis were included only when S. aureus was isolated from sterile body fluids such as blood or surgical specimen. Antibiotic therapy was considered appropriate if the isolate was susceptible to the chosen antibiotic in vitro and the treatment was administered for at least 24 hours within 72 hours of hospitalization.
Data collection
All data were collected prospectively. Infectious diseases specialists at each hospital reviewed the patients' medical records and interviewed the enrolled patients using a standardized clinical record form. Among the data collected were (1) demographic findings, (2) clinical characteristics, including the Charlson comorbidity index [15] and 30-day mortality, and (3) microbiological data. We also gathered diverse epidemiological data to assess new potential risk factors for MRSA infection.
Statistical analysis
We assumed the prevalence of any risk factor for CA-MRSA to be 15%, and the difference in prevalence between CA-MRSA and CA-MSSA to be 10%. We also hypothesized that the ratio of CA-MRSA to CA-MSSA would be 1:2. To achieve a 0.80 level of statistical power with a two-sided alpha error of 0.05, we estimated that the study should last at least 8 months to allow the 16 hospitals to enroll a total of 296 cases of CA-S. aureus infection. The sample size was calculated using Epi Info version 7 developed by the CDC and the estimate of study duration was based on the number of invasive S. aureus cases recorded at each hospital during the previous year.
Statistical analyses were performed with PASW Statistics, version 18.0.0. Univariate analyses were performed to screen for potential risk factors (using Student's t-test and the x2 test or Fisher's exact test, depending on the type of variable), with P values ,0.10 considered statistically significant for inclusion in the multivariate analysis. Multivariate linear logistic regression models were formulated and tested to adjust for covariates. Adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated, with P values ,0.05 considered statistically significant.
Results

Surveillance
The 16 participating hospitals are spread across the country. All are teaching hospitals; 15 (93.8%) are university-affiliated, and 8 (50.0%) have 900 or more beds. Two of the hospitals participated for 6 months only, from May to October 2012. A total of 1627 cases of invasive S. aureus infection were recorded during the study period, and 786 cases of CO-S. aureus infection were included in the analysis after excluding 811 hospital onset cases and 30 cases in which patients were discharged or died before microbiological confirmation of S. aureus infection (Fig. 1) . Among the 786 cases included, 322 cases (41.0%) were CA infections and 464 (59.0%) were HA infections. The most common specimen from which S. aureus was isolated was blood (68.3%). Other specimen types were abscesses in internal body sites (13.4%), bone and organ tissue (6.7%), joint fluid (5.5%), ear discharge (1.8%), pleural fluid (1.7%), ascites (1.3%), CSF (1.3%), and pericardial fluid (0.1%).
Clinical characteristics and antibiotic susceptibility
The clinical characteristics of the 786 patients with CO-S. aureus infections are summarized in Table 1 . The patients were older and there were more comorbidities among the HA infection group than among the CA group. The most common infections were SSTI in the CA-MRSA group, BJI in the CA-MSSA group, and pneumonia in the HA-MRSA group.
A comparison of their antibiotic susceptibility profiles showed that the CA-MRSA isolates (n5102) were more susceptible to non-beta-lactam agents such as erythromycin, clindamycin, ciprofloxacin, rifampin, and tetracycline than the HA-MRSA isolates (n5253), but the same was not true for sulfamethoxazoletrimethprim and gentamicin (Fig. 2) .
Risk factors for methicillin resistance
Among the 786 invasive CO-S. aureus infections, 431 were caused by MSSA and 355 by MRSA. The risk factors for methicillin resistance identified in univariate analysis are shown in Table 2 . According to our multivariate logistic regression model, factors associated with an increased risk of invasive CO-MRSA infection included residence in a long-term care facility within the past year, history of SSI within the past year, history of MRSA carriage within the past year, recent (in the past 6 months) exposure to 3rd generation cephalosporins, and history of close contact with patients with chronic illnesses within the past month when compared to CO-MSSA infection (Table 3 ). In a univariate analysis of 322 cases of invasive CA-S. aureus infections, we compared the risk factors for CA-MRSA and CA-MSSA. While SSTIs and otitis were more common in the patients with CA-MRSA, BJIs were more common in those with CA-MSSA (Table 4 ). However, no risk factor could differentiate significantly between CA-MRSA and CA-MSSA.
Clinical outcomes
We were able to assess 30-day mortality in 660 (84.0%) patients, having excluded 126 patients who were transferred or discharged without outpatient follow-up within 30 days of admission. The 30-day mortality rate was 15.3% (101/660) among the patients with invasive CO-S. aureus infections. The factors associated with 30-day mortality were older age, higher Charlson comorbidity index, and pneumonia or primary bacteremia (Table 5 ). However, appropriateness of the initial choice of antibiotic, and resistance of S. aureus to methicillin were not significantly associated with mortality. CA infections were significantly associated with lower mortality in the univariate analysis, but not in the multivariate model in CO-S. aureus infections.
Discussion
Of the 1012 cases of invasive MRSA, 102 (10.1%) were caused by CA-MRSA, which is a considerably higher proportion than estimated in previous surveillance studies in Korea (5.3-5.9%) [5. 8] . A similar increase in CA-MRSA has been observed in North America, in both children and adults [16] [17] [18] . Since the 2000s, CA-MRSA has been the most common identifiable cause of purulent SSTIs in patients treated in US emergency departments [19] . The prescribing practices of clinicians for treating SSTIs in emergency departments have changed as a result, from MRSA-inactive to MRSA-active empirical antimicrobial regimens. An MRSA-targeted choice of empirical antibiotics is not yet common in emergency rooms in Korea because there have been no data supporting this strategy. However, we should be aware that guidance about the appropriate antibiotic usage may become important as numbers of CA-MRSA cases rise. Previously established risk factors for MRSA acquisition in other studies were also significant in our univariate analysis (Table 2) [9, 11, 14] . However, only three remained significant in the multivariate model: residence in a long-term care facility within the past year, history of SSI within the past month, and history of MRSA carriage within the past year (Table 3) . Additionally, exposure to 3rd generation cephalosporins within the past six months and close contact with chronically-ill patients within the past month were found to be significant risk factors for CO-MRSA infection in a multivariate analysis. Recent antibiotic exposure has been identified as a significant risk factor for methicillin resistance in CO-S. aureus infections in other studies [12, 20, 21] . Use of fluoroquinolones has been considered a particularly important predictor of nosocomial MRSA Data on living with children #5 years old for 116 patients were censored, and 206 patients (148 and 58 patients in the MSSA and MRSA groups, respectively) were included in the analysis. c Data on alcohol intake for 11 patients were censored, and 311 patients (213 and 98 patients in the MSSA and MRSA groups, respectively) were included in the analysis.
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Factors Associated with Community-Onset Invasive MRSA Infections infections [22, 23] , while exposure to 3rd generation cephalosporins was a risk factor in a case-control study in a Japanese geriatric hospital [24] . Although exposure to broad-spectrum antibiotics was also an independent risk factor in our study, it remains likely that antibiotic use is simply an indicator of exposure to HA environments. Further research is needed to clarify the association of methicillin resistance with exposure to diverse antibiotics in community-onset S. aureus infections.
Another predictor of MRSA infection in our study was recent close contact with a chronically-ill patient. Such patients are much more likely than the general population to have been exposed to hospital environments or invasive procedures.
In the traditional family model in Korea, the primary caregivers for patients with chronic illnesses are often family members even after hospitalization [25] . Rates of S. aureus transmission from patients to household members reportedly range from ,10% to 43% [26] . Transmission of CA-MRSA within the family has also been reported [27] . Taken together, growing evidence suggests that family members or primary caregivers for patients with chronic conditions could be at increased risk of acquiring MRSA. It is possible that younger children, with their relatively poor understanding of hygiene and their susceptibility to infections, might easily transmit MRSA in the community, but they are not associated with methicillin resistance in our study.
The Charlson comorbidity index was related to methicillin resistance in univariate analysis but not in multivariate analysis. Other host-related factors such as age or gender were also unrelated to methicillin resistance. Diabetes was found to be a predictive factor for MRSA colonization or infection in some studies [28, 29] . However, it did not differ significantly between MRSA and MSSA infections among either CA-or HA-infections in this study. Previous studies investigating the predictors of CA-MRSA among patients without any known risk factors for MRSA were performed in single centers and failed to identify reliable and distinguishable factors [10] [11] [12] . Despite our improved study design (multi-center, large-scale, nationwide prospective study), we also found no significant clinical or epidemiological factors that distinguish between CA-MSSA and CA-MRSA. We cannot rule out the possibility that important factors have been missed. However, it is also possible that identifying distinguishing features of CA-MRSA in Korea may be more difficult than in other populations because the same MRSA clones are frequently present in the hospital setting and in the community [5, 7] .
We have in addition compared the variables for HA-MRSA (n5253) and HA-MSSA (n5211) infections in the same way as in CA-infections (S1 Table and S2  Table) . In multivariate analysis, history of MRSA carriage within the past year, exposure to 3rd generation cephalosporins within 6 months, and history of close contact with patients with chronic illnesses within the past month were statistically significant risk factors for methicillin resistance in CO-HA-S. aureus infections, as in the analysis of whole CO-S. aureus infections. The only distinguishing factor favoring MRSA infection in this setting was presentation as pneumonia (odds ratio 1.975, 95% confidential interval 1.073-3.633). Two recent studies of the clinical characteristics of infections caused by the ST72-SCCmec IV strain, which is the most common genotype of CA-MRSA in Korea, also found that pneumonia was one of the leading diagnoses among CO-MRSA infections [30, 31] .
CA infection, methicillin resistance, and appropriateness of initial choice of antibiotic did not seem to affect 30-day mortality in this study. When we stratified the cases as CA-infections or HA-infections, methicillin resistance and appropriateness of antibiotic choice again had no significant effect on 30-day mortality. Instead 30-day mortality was primarily related to patient's status and severity of infection. A recent Austrian study identified higher patient age, pneumonia as the type of infection, and failure to use an MRSA-active antimicrobial agent, as significant risk factors for early mortality from MRSA bacteremia [32] . However, two Taiwanese studies of CA-or CO-S. aureus bacteremia showed that 30-day mortality rates were not affected by community origin, methicillin resistance, or the initial choice of empirical antibiotics, which is consistent with our findings [33, 34] . We suggest that clinicians can safely defer prescribing empirical glycopeptides in cases of suspected invasive CO-S. aureus infections when no risk factors for MRSA infection are present and bacteremia or pneumonia is not clinically suspected.
This study has potential limitations. First, the number of CA-MRSA cases may have been underestimated because we included only those that were confirmed microbiologically. Because microbiological confirmation is frequently difficult in SSTIs, and most of the CA-MRSA clones in Korea do not produce the PVL toxin, it is possible that some cases of SSTI were missed [5, 6, 35] . It is worth noting, however, that SSTIs comprised 33% of the CA-MRSA infections included (Table 1) . This is not only consistent with a previous Korean study [5] , but also suggests that the risk of missing SSTIs was in fact low. Second, as we excluded patients who were discharged or died before microbiological confirmation of S. aureus infection, a selection bias cannot be ruled out. However, the excluded cases comprised only 3.7% (30/816) of the total, and the rates were similar in the MRSA and MSSA groups. Third, the findings associated with 30-day mortality in our study should be interpreted with caution because we did not include data for those patients who died before their infection was confirmed microbiologically, and 126 patients (16%) were not followed up for a full 30 days after hospitalization. However, neither the exclusion rates before microbiological confirmation (14/369 vs 16/447, P50.98) nor the rates of loss to follow-up within 30 days of hospitalization (104/353 vs 127/418, P50.84) differed between the MRSA and MSSA groups. Fourth, our results may not convey a complete picture of the disease in the community because all the participating centers were secondary or tertiary hospitals. Fifth, we did not evaluate a seasonal variation in S. aureus infections because the study period was only 8 months long. Finally, we did not analyze the genetic background of the MRSA isolates. The antibiotic susceptibility profiles of the CA-MRSA and HA-MRSA isolates for non-betalactams were significantly different (Fig. 2) . However, it was not possible to infer potential common genetic types of MRSA from their profiles because the most common nosocomial MRSA strains such as ST5 and ST239 are also circulating in the Korean community [5] . Despite these limitations, the study has definite strengths, such as its large-scale, prospective, and nationwide design.
In conclusion, CA-MRSA cases have increased in Korea since the last nationwide survey in 2005. The risk of MRSA infection should be considered where there has been recent exposure to 3rd generation cephalosporins, or close contact with chronically-ill patients. We do not recommend universal empirical anti-MRSA treatment in patients presenting with invasive CO-S. aureus infections in Korea if there are no risk factors for methicillin resistance. Clinicians should consider empirical anti-MRSA treatment only in the clinical setting of severe illness.
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